In a previous paper (1) a method has been described for measuring the adhesiveness of leucocytes to glass surfaces, and a series of results obtained by this method was reported. As a further calibration of the method it was necessary to determine what variations in adhesiveness could be produced by varying the H ion concentration. Since the method was originally devised as a means of comparing the spreading of leucocytes on flat surfaces (adhesiveness) with their spreading on surfaces of small solid particles (phagocytosis), the effect of variations in pH on phagocytosis of solid particles has also been investigated. These two series of experiments will be reported together.
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In a previous paper (1) a method has been described for measuring the adhesiveness of leucocytes to glass surfaces, and a series of results obtained by this method was reported. As a further calibration of the method it was necessary to determine what variations in adhesiveness could be produced by varying the H ion concentration. Since the method was originally devised as a means of comparing the spreading of leucocytes on flat surfaces (adhesiveness) with their spreading on surfaces of small solid particles (phagocytosis), the effect of variations in pH on phagocytosis of solid particles has also been investigated. These two series of experiments will be reported together.
This subject has been investigated qualitatively by Sawtchenko and Aristowsky (2) for leucocytes, and they found a maximum number of leucocytes sticking to their test-tubes in neutral or slightly alkaline solutions. Loeb (3) reports collaborative experiments by Blanchard indicating an optimum acidity for the migration of amebocytes of Limulus. In more alkaline solutions they adhere to the glass and disintegrate, while in more acid solutions their consistency is so great that they cannot move.
For a further investigation of this subject measurements of the adhesiveness of leucocytes to glass at varying DH were made by the stream and gravity methods already described. In the former method the leucocytes are allowed to settle on a glass slide forming the bottom of a glass vessel When the vessel is rotated about a horizontal axis the resulting circulating stream of solution washes off a certain percentage of the leucocytes on the bottom. This percentage is determined by hemocytometer counts. In the gravity method a 169
The Journal of General Physiology slide and cover-glass preparation is inverted and counts are made of the numbers of leucocytes which drop from the slide to the coversllp in response to gravity.
Results by the Stream Method.
In Fig. 1 citrate at a room temperature of 25°C. They were not centrifuged but used directly. The pH was controlled by means of buffer solutions of phosphates and borates. Borates were used for the two most alkaline points in each curve. In all cases 0.3 cc. of 0.05 ~r buffer solutions were added to 1.5 cc. of cells or of cells plus serum. The pH of the resulting mixture was measured electrometrically. The cells were left in contact with the glass for 1 hour at 25°C., after which the vessels containing them were rotated fifteen times on a motor. Counts were made in the liquid which was pipetted off after fixing with acetic acid, andon the slide after staining with iodine. The figures plotted in Fig. 1 were obtained by subtracting the per cent washed off from 100 per cent. The counts, made directly on the slide, which are always much less accurate, need not be given but it may be stated that they supplemented the published curves closely enough to show that there was no appreciable loss of cells during the experiment. The significant result of this experiment is that the leucocytes show a maximum stickiness at about neutrality, and that they appear more sensitive to the variations in pH when a small amount of serum is present than they do in pure sodium chloride. Similarly it has been Table I Experimental error of the counts of cells washed off was greater than the per cent sticking. Hence, only the counts of cells remaining stuck to slide are given.
Experi~nt C.--No serum. Incubated for 1 hour at 37°C. Complete lack of significant variation is due to lack of serum and to fact that the cells were kept for 5 hours before using in isotonic sodium chloride at 37°C. Such treatment always injures cells.
By this method, then, a maximum is found varying under different conditions from pH 7.0 to 7.6, roughly. This does not altogether confirm the qualitative statement of Sawtchenko and Aristowsky (2) that leucocytes stick to test4ubes better in neutral or slightly alkaline solutions than in acid solutions. 1 Their statement is, however, confirmed by the gravity method. The discrepancies between the results by these two methods is to be explained largely by the time factor, since it is necessary to incubate the leucocytes for at least 1 hour in the stream method to be sure that all of them have reached the glass. The great advantage of the gravity method is that measurements can be made immediately after the cells strike the glass. :Moreover, the force of gravity tending to detach the cells from the slide is much less than in the stream method, so that 90 per cent of the cells may resist gravity while only 10 per cent may resist the washing caused by rotating the vessel. This difference in itself seems sufficient to cause variations in the stickiness as measured by the two methods. The relative importance of cell rigidity and surface tension forces in permitting detachment of the cell may not be the same for gravity as for the force of streaming water.
Gravity Method.
The principle of this method has been described, and for the details the reader is referred to a previous paper (1) . The results are summarized in Table II . 10 per cent serum was present in all preparations. It was calculated that the phosphate added left the solution very nearly isotonic, the divergence being the same for all. Irrespective of temperature it is found that the greatest stickiness is at pH 8.0. A decrease would probably occur at greater alkalinities but that is beyond the range of physiological interest.
t Schwyzer, also, using a special method, has concluded that NaOH increases the adhesiveness of leucocytes to glass. Schwyzer, F., Biochem. Z., 1914, Ixx, 447. It may be concluded, then, that the adhesiveness of leucocytes increases with the OH ion concentration between pit 6.0 and 8.0. It is curious that the reverse has been found (4) true for washed erythrocytes which stick better in acid solutions when measured by the gravity method. 
Mutual Stickiness of Leucocytes.
Having determined that the adhesiveness of leucocytes to glass was at a maximum at pH 8.0, it was of theoretical interest to determine the maximum for the mutual adhesiveness or agglutination of leucocytes. For this purpose suspensions of leucocytes in 10 per cent serum solutions of varying pH were prepared and samples of each were mounted between slide and cover-slip as if for a measurement of stickiness to glass by the gravity method. Counts were made, after 4 to 5 hours, of the number of unclumped cells. The same leucocyte suspensions were also allowed to settle out in tubes at room temperature. After 6 hours they were resuspended and the number of clumps of four or more cells were counted. Both these counts agree in ttYDROGEN ION CONCENTRATION ON PHAGOCYTOSIS showing a greater agglutination in acid solutions (see Table III ). The same conclusion was also obvious from mere inspection of the preparations.
This experiment emphasizes the fact that stickiness cannot properly be called a property of any substance or any cell taken by itself. One must state always the object to which that substance sticks and the medium in which both are suspended. Thus, in air, glue sticks to wood but not to paraffin, but in water it does not stick to wood. So when a microscopist defines a cell or tissue as sticky it is proper to ask, "Sticky to what?" Leucocytes may be sticky to glass but not to other leucocytes or vice versa. This is because stickiness depends, in part, as previously stated in a theoretical discussion of this subject (5), on the balance between the forces of surface tension on the three interfaces concerned. A change in any one of the three phases may affect its two interfacial tensions oppositely. Particular warning should be given to avoid the idea that a sticky cell necessarily has the viscidity peculiar to glue. There does not seem to be any reason why a cell could not stick to a slide just as smoke particles may stick to glass without its being possible to pull the surface protoplasm out into long strands.
Effect of ptt on Phagocytosis.
Two methods of measuring the phagocytosis of solid particles have been used in this laboratory, the film method and the suspension method.
Film Method.
The leucocytes were prepared as for measurements of stickiness by the gravity method. The solution is made hypertonic as to sodium chloride and enough of a suspension of quartz or carbon particles in distilled water is added to dilute it again to isotonicity. The solution is immediately allowed to run under a cover-slip pre- pared as described for stickiness measurements by the gravity method. The particles settle out on the slide before they have time to agglutinate and are ingested by the leucocytes which are creeping about.
The results of four experiments of this sort with quartz and carbon particles are given in Tables IV and V. Phagocytosis was followed by counting: (a) the number of particles apparently completely inside the leucocytes over equal areas; and (b) the number of particles neither inside nor in contact with the leucocytes. These two counts confirm each other satisfactorily. With quartz the optimum pH for the reaction is 7.0. With carbon the optimum is at pH 7 or 7.3 with a fairly definite tendency to fall off less rapidly than quartz in alkaline solutions. This finding will be confirmed in a later paper.
Because of interest in the theoretical relationship between phagocytosis and stickiness, the whole preparation was inverted at the close of each of these experiments and the percentage of cells which remained adhering to the slide were counted. The result is given opposite the phagocytosis findings. In every case the stickiness minimum coincides with the phagocytosis maximum. The significance of this fact is obscure, as is also the explanation of a minimum stickiness to glass at neutrality after 2 to 3 hours, as compared to the maximum at pH 8.0 immediately after contact. A similar result has been obtained with the stream method in protracted experiments. The changes which cells undergo in ~itro are quite different in solutions of different pH, and each of these reactions must be thought of as proceeding with its own velocity and subject to its own temperature coefficient. It is no wonder, then, that the stickiness changes with time and temperature so markedly that a large number of measurements have had to be discarded because they were apparently mutually inconsistent. All the variables could not be controlled.
The question now arises whether the apparent phagocytosis maximum at pH 7.0 is due to greater ease of ingestion or to greater availability of the particles caused by a more rapid ameboid movement of the leucocytes at neutrality. Unfortunately, the only suitable method of measuring the speed of a creeping leucocyte seems to be that of Commandon (6) who took moving pictures of them. One distrusts simple observation of the cells which appear to be more ameboid at pH 6.0 than at 7.0, and are occasionally seen elongated into a strand of protoplasm 50 to 100 microns in length. This may be due to a disturbance in the coordination of the cell, as suggested by Tait (7), such that it tries to creep in opposite directions at once, each pseudopod persistently maintaining its contact with the slide. On inverting such a preparation it is the most widely spread out and elongated cells which remain adhering to the slide. Such cells may be more spread out in situ but may actually migrate less and hence meet fewer particles in unit time than cells at neutrality. Cells in alkaline solutions appear more stationary than at neutrality. The more rapid clumping of cells in acid solutions might be explained by increase in ameboid movement and hence more rapid approach of cells were it not for the greater clumping in similar cells allowed to settle out and therefore already in contact. Moreover, DeHaan (8) , in a recent paper, reports greatest pseudopod formation in leucocytes at neutrality when they are examined in suspension by his fixation method to avoid the complications arising from contact with glass.
Suspension Method.
With such considerations in mind the effect of pH on phagocytosis of quartz in suspension was investigated, thus eliminating the rate of cell migration as a complicating factor. Five suspensions of quartz particles and leucocytes were prepared in solutions of varying pH in small ¼ inch test-tubes at 37nc. At intervals samples were removed to a hemocytometer and the number of particles not ingested was counted. At each sampling all the tubes were inverted to prevent settling out. There was no evidence of clumping of the particles. Time curves of the reaction at each pH were plotted and from them the summary in Table VI been called to the fact that the ingestion of carbon tended to fall off less rapidly in alkaline solutions than that of quartz. These facts will be more fully confirmed in a later paper. They indicate, however, that the apparent phagocytosis maximum at neutrality found by the film method is due to the more rapid movement of the leucocytes and hence the greater availability of the particles; i.e., the ease of phagocytosis is not the limiting factor.
The rather striking conclusion to which these experiments lead is that the stickiness of leucocytes to a glass slide increases with the alkalinity, while the phagocytosis of quartz particles increases 2 On account of the rapid agglutination of carbon particles, particularly in acid solutions, this experiment was not repeated with carbon.
with the acidity. This demonstrates very clearly that some factors other than surface tension are involved in these reactions. There seems no possibility of explaining this result by differences between the quartz and glass particles which have behaved almost identically in endosmosis experiments conducted in this laboratory.
SUMMARY.
